, 1996). Fractin immunocola, 2002). reactivity in 17-month-old Tg2576 mice was seen almost Although synaptic marker loss is widely viewed as exclusively in dendrites, while presynaptic compartcentral to AD, high level expression of familial AD genes ments had little or no labeling (Figures 1A-1C). Comin transgenic mice (for example, APPswe in the Tg2576
pared to young (6-to 8-month-old) Tg2576 mice (prior model) has produced phenotypes with abundant amyto amyloid accumulation), old Tg2576 mice (16-to 18-loid deposition but remarkably little synaptic marker month-old) showed 48% (p Ͻ 0.001) loss of drebrin loss. While one factor limiting synaptic deficits may be ( Figure 1D ). The fractin/actin ratio was increased in the the absence of human tau in the model, another may cortex (ϩ71%) of the aged Tg2576 mice compared to be the mouse diet, in particular, the neuroprotective role controls on immunoblots ( Figure 1E ). Since together of the low n-6/n-3 essential fatty acid ratio in typical these data indicated focal, postsynaptic caspase activamouse chow. The purpose of the present study was to tion and damage to the actin cytoskeleton in Tg2576 investigate the impact of dietary depletion and repletion mice, we quantified pre-and postsynaptic markers. By of DHA on neuroprotective pathways, synaptic marker 22 months of age, there was a preferential loss of the loss, and cognitive deficits in the Tg2576 mouse model actin binding protein drebrin [Ϫ62%, Tg(ϩ) relative to for AD. Measurement of the impact of DHA on preTg(Ϫ) mice] without a proportional decrease in the preand postsynaptic marker vulnerability revealed marked synaptic marker synaptophysin ( Figure 1E ). Since syneffects on dendritic structural elements and signaling aptophysin loss is most profound in neurofibrillary tanpathways that could underlie behavioral deficits induced gle-bearing neurons (Callahan et al., 1999), the absence by low DHA. The results show a dramatic impact of diet of tangles and persistent sprouting in Tg2576 may exon the expression of the AD-related postsynaptic marker plain why synaptophysin deficits are not observed. There phenotype and provide new insight into how essential was no loss of other presynaptic markers, including syfatty acid intake may modulate the expression of neuronaptotagmin, synaptobrevin, and synaptosomal-associdegenerative diseases, including AD. To test this, we restricted dietary n-3 PFA at 17 months of age and found a significant decrease in the levels of DHA in the frontal cortex of aged Tg(ϩ) mice but not in Tg(Ϫ) mice (Table 1 ). These observations demonstrate a transgene-dependent effect on brain DHA, consistent with increased lipid peroxidation. Levels of compensa- Figure 6D ). However, hidden platform testing revealed profound perforspite correcting acquisition deficits, DHA did not correct the retention deficit ( Figure 6H ). In summary, these remance deficits in Tg(ϩ) mice on low DHA diets that were prevented by DHA supplementation ( Figure 6E) , with sults from the Morris water maze trials indicate that relatively short-term DHA restriction in Tg2576 mice significant differences in latency during blocks 7 through 9 and 10 through 12 by 2 ϫ 2 ANOVA (Treatment ϫ leads to large losses in postsynaptic proteins that corre-
Figure 6. Morris Water Maze Memory Acquisition Deficits in Tg2576 Mice Fed with a DHA-Depleted Diet
Cognitive function in Tg(ϩ) and Tg(Ϫ) mice on low n-3 polyunsaturated fatty acid diets without DHA (Low DHA, n ϭ 6) and with DHA (High DHA, n ϭ 6) was assessed with the Morris water maze at 21-22 months with six blocks of visible platform followed by the 12 blocks of hidden platform testing (A). Consistent with the absence of sensorimotor deficits, there were no significant differences in the latency to find a visible platform in the latter half of visible training, although the Tg(Ϫ), DHA group performed better during the first three blocks (B). Consistent with no treatment differences in anxiety levels, there was no difference in thigmotaxis during visible training (C) nor were there differences in swim speed (D). In contrast, there were significant differences in hidden platform testing. Tg(ϩ) mice on the low DHA diet did not appear to learn, exhibiting higher latencies from blocks 8 through 12 than the other groups (E). Learning curves of the other groups were slight due to age and fatigue, limiting further training. Nevertheless, combined block analysis (2 ϫ 2 ANOVA: treatment ϫ combined block) in hidden training revealed some learning and an impairment in the Tg(ϩ) low DHA group, which was significantly different than all other groups ( Table 1 ). The labeling and NeuN labeling, slides were soaked in 75% ethanol three diets were similarly supplemented in minerals and vitamins.
(2 min at room temperature) and dH 2 O resin. Sections were proAnimals were perfused with 0. and ABC reagent (Vector Labs, CA), sections were developed using metal enhanced DAB kits (Pierce, Rockford, IL). Image analysis on (2 ϫ 10 s) and centrifuged at 100,000 ϫ g for 20 min at 4ЊC to generate a TBS-soluble fraction (cytosol fraction). The TBS-insoluble pellet sections (at Bregma Ϫ1.5, Ϫ2, and Ϫ3) was performed with an Optronix Engineering LX-450A CCD video system using NIH Image was sonicated in 10 volumes of lysis buffer (150 mM NaCl, 10 mM NaH 2 PO 4 , 1 mM EDTA, 1% Triton X-100, 0.5% SDS, and 0.5% deoxysoftware. At sacrifice, there was no treatment-dependent change in brain weights, nor in Bregma-matched brain region areas, indicatcholate) containing the same protease inhibitor cocktail. The resulting homogenate was centrifuged at 100,000 ϫ g for 20 min at ing the absence of major treatment-related shrinkage of brain regions. For NeuN, quantitative analysis for neuronal density was per-4ЊC to produce a lysis buffer-soluble fraction (membrane fraction).
